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ABSTRACT 

The pappus in the golclenrod genus So/ithtgn (Asieraceae: AstereaeJ was examineel in 75 species and 
compared with variation in 14 species o( 12 related genera itT subtribe Solidagininae in the narrc>w 
sense lollowing Nesoin (2000) and three species ol asters ol two genera basal to the North American 
Clade ol the tribe. So/idugu has been described as having a simple pappus consisting ol one whc:>rl ol 
barbel late bristles with the exception ol a lew s|iecies in se\'eral sections, sometimes treated as dis¬ 


tinct genera. Species ol So/itiugu sect. Corvinl'ii^sdc 



enroll) have long been recognized as hav¬ 


ing a biseriate pappus with clax’ate bristles similar to that of other genera ol the subtribe. How'ever, 
nearly all species of Soliclayo displayed some e\ idenee indicating (he pappus bristles occur in tw'o 
more or less heteromorphic whorls of bristles, here designated as the primary outer whorl and the 
primary inner whorl. A lew species also occasionally had a third, much shorter secondary outer whorl 
of a few bristles. In the most heteromorphic spec ics. t he primary outer whorl ol brisi les wais slightly 
shorter and had tips that gradually tapered. The primary inner wdiorl ol slight!)' longer bristles had 
distinctly cUuxite tips up to several times as broad as the bristle below the tip. As w'ell, the bases ol 
the primary outer whorl were clearl)' external to thtxse ol the primary inner clavate whc)ii in some 
species. In contrast, most species in several subsections of the genus exhibited little evidence ol a 
biseriate pappus or clavate bristle tips. The pappus of each species was scored on several traits; 1) 
non-clavate to distinctly cla\atte bristle tips. 2)c\'idence ol alternating non-clavate and clavate bristles 
or shorter and longer bristles, and 3) evidence ol ox'ciiapping primar)' outer and inner whorls ol 
bristles. One species ol Solidoyo had an atx'j^ical 1\' short pappus; t he bristlesol 5. sphcu chiui were less 
than hall the length ol the cypsela bexi)'. The biseriate pap]')us ol Brintonici cliseoicleo wns usually 
tinted with anthocyanotic pigments unlike an\' species ol Solidiiyo\ the species has been included in 
Solidayo by some authors. 





Se examino el x'ilano en 75 es|')ccies del genero Solidoyo (Asteraceae; Astereae) y sc comparo con la 
variacion cn Kespeciesde 12generos relacionadosde lasubtribuSolidagininaeen sentido restringido 
segun Nesom (2000) y tres especies de asierac t'as cle dos generos basales al dado Norte Americano 
de la tribu. Solidago se ha descrito como posccdor de un vilano simple cjue consiste en un verticilo de 
sedas barbeladas, con la exce|x ion de unas pex as especies en varias secciones. a veces tratadas como 
generos dilerentes. Las especies de Soliday(^ sect. Corvnihosiie {()liyonciiron) han sido reconocidas 
por presentar un vilano biseriado con sedas ckwarlas similares a las de otros generc')S de la subtribu. 
Sin embargo, casi todas las especies de Solidoyo mucst ran algunas pruebas que indican que las sedas 
del vilano se si titan en dos vert icilos mas o mcn(>s heteromorlicos, que aqui se nombran como x'ertieik^ 
primario externo y verticilo primario interno. I nas pocas especies tambien tienen (X'asionalmente 
un tercet' verticilo, el verticilo secundario externo, mucho mas corto y de unas pocas sedas. Ln la 
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c'spccK' mas lH'(crian('>rl ica, cl vcrticilo priinariccxtcnu) cic scclas era I ii^craincnic inascorU) y tenia 
extreinns oratlualinenie alilaclos. I'l wrtieilo priniari('» interneeile sedas lii;erainenie mas lare,as, tiene 
ext rein('>s elarainente ehuade^sde hasta varias wees mas anchospue la pn'ipia soda deha jo del exi remo. 
Asi miMiKx las bases del vertieilo primario exierno eran elaramenie exlernas a las del wrtieilo 
pnmarin internn elavaelo en aly^imas espeeies, Por contra, la m.uxMaa de las espeedes de \'arias 
sLihseceiones (,lel e.enero mostrahan poeas pruehasde im \ ilano hiseriado cule ext remos di' las sedas 
elavados hi \’ilanodc las disl inias espeeies I ue eseriiiadcum x'arii^s aspecios: l)ex(remosde las sedas 
lIc no c lax'adas a disiintamente Javadas. 2Jex’ideneia de alternaneia de sedas no-c Lwadas \ c lavailas 
o sedas mas coi (as \’ mas largas. \ v) exaileneia i.ic solapamienio de los x’ertieilos de sedas primario 
exiernoe interno. I hiaespeeiede Sn/idnyn tenia un x'llaiuaatipieamenteecaao; lassedasde\.s/dini e/nfi/ 
eran menosde la mita(.l de la l(aiv;it ml del eiierpo de la eipsel.i hi x’ilano hisei'iado de de/d intonm 
(/i M (n(/(m esiaha laamialiiumte tenid(U'on [Tigmentos anloeianieos. etxsa (.|iie nooeiirre en las especic's 
de la espeeie ha sido iiu'lnida en |^oi ale,nnos aiiiores. 


l’rc\’iouslV the izcnns 5(’ 



INTROnCe TK^N 

> 1- was consicicrcti clillcrcnt Ironi closcK' related 


genera in regards tn its pappus eharaeteristies. While related taxa sueh as 
ScrhiHiiipits Nees, lonc^liis A. Nels., Pcliiich^rid li.l.. Cireene, C/t/'v.s'n//it//tiii(is 
Nutt, and lirininicrici Nutt, were ennsidered to ha\'e a pappus in 2-3 series U-2 


lor T()iu sl us), t he genus 


go was stated to have a pappus in a single series 



U'.g., Semple et al. IhdC; Nesom 2000). It has also been described as situ pie 
(l•ernakl 10oO;Correll et al. 1070). Some treatments do not mention anything 
al')Out the seriate nature ol the pappus in the genus description (Radford ct al. 
|0(')8; Caon(.|uisr. 108(.); Cdcason and Cronc|uist 1001), although wn iations arc in¬ 
dicated in species de.scriptions. Some treatments state that the pappus of Sol- 
iditgo exhibits some wiriation. Cdeason and Croiujuist (1001) rec 
pus as being “ol numerous ec[ual or se'aneiimes unecjual capillary bristles’ lor 
species I rom the northeast U.S.A. and adjacent Canada, while Cronqtiist (1004) 
noted the pappus as being “ec[ual lar sometimes sc'auewhat unce|uar' in Great 
basin species. .Some ol the dillcrences in description are dtie to differences in 
which taxa were included in the genus Solida^o, particularly t he geneudly rec- 
cygnized clavate tipped members ol Si)/t’diigu sect, (fo)'vm hosdc Torrey Nr A. Gray. 
I’or example, CroiU|uist (I08(")) included these flat-topped goldenrods. bur ex¬ 
cluded Briul()nid discoidcd (Iilliott) fi.L. Greene, the Mock Goldenrod. In con¬ 
trast. Nesom (2000) excluded the k’lrmer species placing them in the genus 
()/igmieiir<)/i Small, but included BriuUuiid discoidcd as 5. discoidcd (blliott) 
forrey Nr A. Gray. Nesom (100]) discussed morphological reasons lor treating ll 


discoidcd within Solidd^o. Semple (submittted) treated /b ibi/oniu as a .separate 
genus based on morphology (phyllary traits, disc corolla traits, pappus traits), 
I ield observations and DN A studies (Beck and col leagues, pers. comm.). Soluhty^o 
sphdccldtd Ral. has been treated as HrdchvchdcUi sphdccldtd (Ral.) Britt, due to 
its distinctive short pappus, but the general consensus reeently is to retain it 
\s4thin 5()/idug() (Cronquist IdbO; Nesom 1001, 1003; Semple and Cook, submit¬ 
ted). Cither authors in the past have included Huthdinid (Nutt.) Nutt., 
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Oreochrysum Rydberg,or Pctnidoria in Solidago, there by increasing the range 
of variation in pappus traits within the latter genus (e.g., Fernald 1950; Kearney 
& Peebles 1951; Harrington 1964; Semple et al. 1999). 

The details of pappus bristle shape have generally been overlooked and 
descriptions have included various terms. Most have described the pappus of 
Solidago as “capillary” or “hair-like” (Fernald 1950; Radlord et al. 1968; Correll 


iSrJohnston 1970; Cronquist 1980,1994; Gleason & Cronquist 1991). Some treat¬ 
ments mention the pappusol Solidagoas being“barbellate”or“clavatc" in some 
species (Cronquist 1980,5. ptarmicoidcs {Torrey & A. Gray) Boivin; Semple et al. 
1999, S. houghton i i Torrey & A. Gray, S. ptarmicoides (as S. asteroidcs Semple), 5. 
scnipervirens L.). Pappus bristles ol Solidago and closely genera have been de¬ 
scribed as being “barbellate” (Nesom 2000). Nesom (1993) in his overview of 
Solidago and Oligoneuwn used pappus bristleapex leaturesastaxonomicchar- 
acters:“strongly clavate,”“attcnuatc,”and “slightly but distinctly dilated toward 
the apex.” Fie listed these in dcscriptionsol sections and subsections, and noted 
the character state of pappus bristles lor some species in particular. 

The occurrence ol a biscriate to multiseriate pappus has long been reported 
in other genera in the Tribe Astcrcae in both the North American Glade, which 
includes So/ir/ugo (see Semple et al. 2002), and the Basal Grade ol South Amcri- 

Senera. The more basal genera in the North American Glade 
are biseriate or triscriate with bristles ol equal or dillerent lengths. These in¬ 
clude most of the genera included traditionally in the Old World genus Aster 
L; Doellingcria Nees, Eucephalus Nutt., lonaclis F.L. Greene, OlIcdh'iui F.L. 
Greene, Sericocarpus. Most species in subtribc Ghrysopsidinac Nesom arc 
biseriate, having a short outer whorl and a much longer inner whorl. In con¬ 
trast, the pappus of some genera is typically uniscriate, e.g. Syniphyol rieluioi 
Nees. In some cases the usual barbellate bristles are absent or very reduced, e.g. 


World 


ray lloret cypselae ol Heterothcea sect. Hetcrothcca, Aphanostephus DC. The 
number of bristles varies greatly between species within and between genera 
as well. Thus, within the North American Glade of genera of Astcrcae there 
exists a range in the number ol whorls, their relative lengths and their shapes 
(see Nesom 2000 for general descriptions of genera). No detailed systematic 
examination ol the pappusol most or all species ol Solidago has been reported. 
Our study was undertaken to lill in this gap in knowledge. 


MATF.RIAl.S AND METHODS 


A preliminary survey was undertaken to examine under the dissecting micro¬ 
scope the pappus bristles of one or two specimens of representative species of 
the sections and subsections ol Sn/idugn. Subsequently, a more rigorous survey 
was conducted involving 75 species ol Solidago and 17 species of 14 other gen¬ 
era listed in Table 1. Two methods of observation were employed, and a system 
of ranking the degree of the clavateness of bristle tips was developed. Most ob- 




1620 


BRIT.ORG/SIDA 20(4) 


AKI I 


. r.)()pus t 


uii.K teristics ol "^olidacjo 1 jx<i iHKi related rjef^era. 


Taxon Clavate^ Alternating Overlapping Comments 


SOLIDAGO L. sect. SOLIDAGO 
suhst'i i. So//dago 


S. VlfkjLlUfCi / 

> 

'I'e s 

Yes (laiulorn) 



sulisi'ci./Wu/t/rad/atae ( In. 

’ef^c .’Ilk) Senip 




S. ( ullcfi 

1 

s 

Y('s 

YY's (sillilil) 



S. ninllifiiduihi 

) 

A 

Y('s 

Y('s (sli(]li() 



S. \()iihiUi)Ci} 

) 

V i.’s 

Y(' s 



siil)sec l.Humiles (IsydlaeM)) Semfde 





S.ikcnic.olij 

•I 

Yes 

Yes (landom) 



S kfiilii 

a 

Yes 

Yi^s (sliqla) 

s lorl ohscutia stx ondary 





oulei 

vv 1 a 0 1 1 

s.l^lumosii 

i 

Yes 

Yes (landona) 



s. s//7]/)/e\ 


Yes 

Yes (landoiaa) 



S. sfkilhtiLilii 


Yt* s 

Y'es (nindem) 



suhscH 1 Thyrsiflorae (A.Gi 

ay) Nesona 




S. ()l,li'k!c\'l 

a 

Yc‘s 

Yias 

Ihi(. kiaied lenqih 

S. dinioiiiomn) 

) 

4 

Yes 

Y( ‘ s 

muGi 

ovei lappincj of bases 

S. ()ficnt Lilts 

) 

Y( ^ s 

Yes 

inuc li oveilappim 1 of bases 

S /)(Y/o/(///s 

> 

Ye s 

Y('S (slic]hl) 



S, wfiqhlu 

) 

* 

Yes 

YV's (fandiana) 



siihsec l.Albigula (Ral.) Nes 

ona 





S. /)/( ok)! 

a 

Yes 

Y('s 


ippinq vmy disliiu ( in 





1 )kl( (’S 

S. OfOi to 

a 

Yes 

^''es 

possi' 

a e secondaiy oulei 





wh( )i 

very llaic kened tips 

S. Ittsqtdo 

a 

Y 

Y e s 

Yes (sli<)h0 



S i)iihoftiki 

a 

Y 

Yes 

Yes 



S. a)e/)e/]s/s 


Ye s 

Yes (landom) 



s Si iopdUo 


Yes 

Yeas 



S. S/7( ’c7c)S(/ 

a 

Yes 

Yes 



S. SiJiunfOSLi 

a 

Y 

Y('s 

Yes (lanflona) 

eiislk’ 

s laiqhly (rowded 





al basis 

su[)sec [.Glomeruliflorae (roiiey & A 

Giay) Ne 

sem 



S illboplloso 

'I 

s 

Yt' s 

No 



S. ((/es/(/ 

a 

4 

Yes 

Yes (slii]hl) 



S. 1 oftisii 

> 

Y 

Yes 

N( 1 



S. //ex/CLaa/is 

\ 

Y 

Yt.'s 

Yl ■’ s 



s. LjlonkOi Hi 1 

Y 

YV' s 

Yes (sliqlal) 



S, Iool ilolio 

) 

> 

Y(,’s 

Yes (slicjial.) 



S. fOiU rophvllo 

,) 

* 

YY > s 

No 

vi'iy laiqe cy| )S('lae 


\u\)b(X{.Argutae (Macken/'U') Nosoiii 


Argutae (Mackenzie in Small] Nesom 


S.iUijuta a V(-, 

S.finicilki a Ves 

S.liuhw'k iiind V<‘\ 

S.lhlluki 


Yes (landorr:) seeminqly shoil [)ap[:)U5 
Yes (slic)la) 

Vs's (sli(al'il) 


4 
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Taxon 

Clavate’ 

Alternating 

Overlapping 

ser.Auriculatae Semple 




5. auricLilata 

3 

Yes 

Yes 

sei Brachychaeta (Torrey & A. Gray) Nesom 


S. sphac.elala 

1 

Yes 

No 

subsect. Junceae (Rydberg) Nesom 



S. cofilifils 

1 

Yes 

Yes 

S.galtidgeri 

0 

Yes 

No 

S.guiradonis 

/ 

Yes 

Yes 

S.juficeo 

1 

Yes 

No 

S. missouriensis 

0 

Yes 

No 

S. pioetorum 

1 

Yes 

No 

S. sp(XAabilis 

1 - ? 

Yes 

No 

subsect. Maritimae (Torrey & A. Gfav) A. Gray 

> • * 


S. sempervirens 

2 

Yes 

Ye s 

S. stricta 

7 

Yes 

Y('s 

S.ptilchra 

2 

Yes 

Y('s (slight) 

S. iiliaidosa 

1 

Ye s 

Yes (slight) 

subsect. Venosae (G. Don 

in Loudon 

) Mesons 


ser Venosae 




5. ulmilolici 

0 

Yes 

Y( “s 

S. cie.li(Aiiiilo 

1 

Yes 

Yes (rarKiom 

S. latissimilolia 

1 

Yes 

Yes (slight) 

S. fagoVI 

1 

Y(? 5 

No 

S. fislulovi 

1 

Yes 

No 

sef.Odorae (Mackenzie) Sernfjlc 



S. odoru 

7 

Yes 

Vt 's 

SLibsecl. TripUnervae (Torrey N A.Oiis 

ay) A.Grav' 


S. alliplanities 

1 2 

Yes 

Yes (slight) 

S. oltiWiina 

0 

No 

N () 

S. canadensis 

0 

No 

No 


Comments 


very reduced;alterfialifu.] 
very sliort and short bristles 


thick bristles, long-shoi ( 
alternation, pronounce( 
over la I) 


ong-short alternation, sorne 
ofiqer bristles are thicker 


thickened tips,crovs^dirK| 
at base 


reduced secondary outei 
whorl (subsp. sempervircns 
and mexicana) 

(subsp. sifiLla and gfucilliind) 
thickened length, very 
reduced secondary outef 


whor 


overlapping very distinc 1 a! 
tiines; alternating short and 
long bristles 


some prominent ovmlat 
at base o( whorls 


crowding at base 


lor'iq shot t alternation, 


strong over ap, possioie 
secondary outer whorl 


[)()ssibly alternating, but 
only v(ay weakly (both 
subsf^ifs les) 

f )ossibly alternating, but 
only veiy weakly 
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Taxon 

Clavate^ 

Alternating 

Overlapping Comments 

S. e/()/)(/(/t(i 

• 

Yes 

Yes (random) 

S. ijiiiiinUM 

0 

No 

No 

S. /u7/(/(’ 

1 

Yes 

Yes (random) 

S. It\iV('(}wo(fhii 

S. /e/;/(7(/ 

1 

Yt.'s 

Yes (randor)i) 

sulasp. hilli}\ 

1 

Yes 

No 

su[)sp. /('ptihl 

1 

Yes 

No (var./( 7 )/(/(] and var. 

sitlebtosa) 

S. niiicllcfi 

1 

Ye s 

No 

S. shnilit 

) 

4 . 

Yes 

Yes (slight) 

S. lot tifolia 

0 

Yes 

No 

suhstn [ Nemorales (Ma 

c ker)zie) NeS( )m 


S. naoii 


Yes 

Yes 

S. ni'taoralis 

* 

Yes 

No (subsi'). /r(7rr()/(:7//s anc 

dcLeniflottd 

.S. rno/Z/s 

) 

Yes 

No 

S. tadtila 

S. vt^liJlinii 

2-3 

Yes 

No 

Mi[)sp. c ahiotaica 

2 

Yes 

No 

sul)sp. sihifsillofu 

1 2 

Yes 

Yes (slight) 

sul)sp. valaiina 

) 

* - 

Yes 

Yes (slight) 

SOLID AGO L. sect. CORYMBOSAElorxQy & A. Gray 


S', houiihloaii 

) 

4 

Yes 

Yes 

S. ailida 

I 

Yes 

Yes 

S.ohu )(^fists 


Ye s 

Yes 

S. [tUiftaicoidcs 

‘1 

Yes 

Yes 

S. iidi lollii 

,) 

• 

Yes 

Yes 

S. fuiida 

[)l<Kement uncertain 


\o s 

Yes strong overlapping (subsp. 

liqida, huniilis, ar)d ( jlahtata) 

S. t7/( ataefioid(*s 

) 

4 

Yes 

Yes (slight) 

Some Other Genera of the Solidagininae sensu Nesom (2000) 

HniuoniinloLOidCii 

3 

Yes 

Yes (slight) laristles tinted with antho- 


cyanins; l)iseriate pappus 

i Ivysoniii ihnicitk)\i ulosa Yes Yes strong overlapping; 

secondafv outer wlicjfl of 
niuch sliofter taperifU] 

1)1 istles; primary outer whorl 
sliql)tly shorter bristles 
taperinc) to weakly clavate; 
piiftiaty inner whorl of 
lonqei sofnewhat clavate 
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Taxon 

Clavate' 

Alternating 

Overlapping 

Comments 

Chrysothomnus viscidiflorus 

1 

Yes 

Yes 

obvious biseriate pappus 

Ericomerio loricifolia 

3 

Yes 

Yes 

obvious biseriate pappus 

Ericameria discoideum 

1 

Yes 

Yes 

biseriate pappus 

Euthamio grominifolio 

0 

Yes 

No 

variatiora ira bristle length 





obscures weak pattern ol 





short-long alternation of 





bristles 

Gundlachia corymboso 

0-2 

Yes 

No 

weakly biseriate with the 

two whorls alternating; 

* 

prinaary outer slightly 
shorter, tapering; prinaary 
inner longer, weakly clavate 

Qutierrezio sarothroe 

0 

No 

No 

crown of irregular soraae- 
what erose scales of 
varying lengths and widths 

Hesperodorio scopulorum 

1 

Yes 

Yes 

naultiiseriate pappus; 
primary whorls of raaany 
Longer bristles, one shorter 
outer secondary whorl of 
fewer bristles 

Oreochrysum parryi 

1 

Yes 

Yes (slight) 


Petradoria pumila 
Sericocarpus 

1 

Yes 

Yes 

obvious biseriate pappus 

S. lini folio 

4 

Yes 

Yes 

obvious biseriate pappus; 
outer whorl slightly shorter 
than inner 

S. oregonensis 

4 

Y(^s 

No 

possible slight overlafaping 
at base of whorls 

Tonestus pygmaeus 

4 

Yes 

Yes 


Genera Basal to the North American 

Clade 



Doellingeria umbellata 

3 

Yes 

Yes 

triseriate; short outer third 
whorl 

Eucephalus 





E. brewed 

2 

Yes 

Yes 

triseriate pappus 

E. elegons 

4 

Yes 

Yes 

biseriate, possible weakly 
triseriate 


' arbitrary rankir'ig of 0 (not clavate) to 4 (strongly clavate) 
- treated as Solidago discoidea by Nesom (1993) 
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sciA’ai ions were inade usiiie ; 



se()pe or a eoinpoLiiKl ligHt mieroscope. 


S( 2 ine obsers'aiions were made using dried and gold eixiied speeimens on a 

east li\’edillereni I rnils 



itaehi S-o7t) Sean nine, FJeetron 

o 



Iroin eaeh speeies were observed under the dissenting mieroseope at a ma.xi- 
inum ol 70 •; most ohserx ations were maile at 30 •. In some cases multiple doz¬ 
ens ol speeimens ol a speeies were e.xamined. Tor the most part, observations 
w'ere made on speeimens in the WAT I lerbarium, but additional material on 

loan Irom bRI I, 1; Cd I,JFRS, NV Tb.X and I'C. (.1 lolmgren et al. 1000) was als (2 
e.xamined. 

Obsers’at ions (in the com pound miertsseope were made I rom slides pre- 
xuvd as lollows. I'or eaeh speeies, two ray floret and two disc floret eypselae 

nunmting medium under a eo\’er slip. 



with eoixdlas were mounted in 

ObseiA'atiiaisat UX^ ■ on theeompound mieroseope were made similarly tothe 
i^bseio'ai ions under i he disseetingseope at XK-7t') ■. Obserwttions made on the 

t wo k i nds (d scopes were com pared and an y d iserepaneies were resol ved bv re- 
examining speeimens. 

I aeh taxon wassei^red in the lollowine manner: 

I. ('.ypselae were assigned a number from 0-4 depending on the thickness 
ol the I i[') ol I he brist le in relatiim ttM he t hick ness along the length: 0 = no ob- 
seiA'able inerease in thickness and the bristles tapered to a point (lag. I); 1 =a 
\'er\' slight inerease in t hick ness near the tip, or the bristles lie'll tapering gradu- 

- a slight to moderate itiereti.se in thickness near the tip (lag. 2); ) = a 
strong and obvious presenee ol eku'ate tips; and 4 = very noticeable itierease iti 


a 


v: 2 



iektK'ss, \er\' obvious elav ate tiature ol the brist les (lae. 3). /\ set of referetiee 

Iight-inieroseopy photomieidgraphs were used to maintain ceaisisteticy iti as- 
sigtiing \'alues. 

2. C v|iselae were scored as show itig no evidence of alternat ion of primary 
inner at id outer whorls ol bristles or as shciwing evidence ol altertiating with 
the notes on the nature ol the alternation (Noor ^es iti Table I, respectivelvj. 

3. C.ypselae were scored lore\adeticeol overlappingai the bases ol the outer 
and inner w hoiis ol bristles. The taxa examitied were rtraded in three cateeo- 

o o 

riesregardtng I he overlapping ol the brist les at the base: Yes = eomplete overla|i 
ol brist les; V's (slight) = slight ly o\'erlappitig wit h outer w4iorl bristles consis- 
tetitly appearing external to inner whorl bristles; and ^es (random) = overlap¬ 
ping ol sotne outer brist les external toitiner bristles but not consistetii I v so for 

J 

t he t w'o wdiorls 

4 . Notes were made wheti a secondarx' outer whorl (a third whorl) of very 

' J' 

short barbellate bristles w'as ofiserx'ed. Such bristles were not easily obseiw'ed 

/ 

anti occurretl in lt>w numbers, thus the presence or absence ol such bristles was 
tiot rabulatet 


Higital photomicrogra|ihs were taken usitiga Nikcm CfoolRix dW* camera 

ens ol either the dissecting or cotnpound 


manuallv 


leld aitainsi the ocular 

t y 
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Figs. 1-3. Pappus bristle tip variation in Solidago; scanning electron micrographs, scale bar = 0.3 mm. 1 . Non-clavate 
bristle tip,5 .pinetorum (0 value in Table 1). 2. Weakly clavate bristle tip, S. odora (2 value in Table 1). 3 . Strongly clavate 

bristle tip, 5. erecta (4 value in Table 1). 


microscope. Pictures were taken of specimens under the compound light mi¬ 
croscope with either below stage or abox’e stage lighting. SEM photomicrographs 



were made using llform Pan F I ilm commercially developed and 
digitized by scanning the negatives. Final digital illustrations were made using 
CorelDraw 10'® Iromdigital images edited with Corel PhotoPaint 10''(Corel C.orp.). 


RHSIMTS ANM') niSCl.^SSlCN 


The lack of a standard set of terms lor pappus bristle whorls in So/icktgo and 


other genera lead to some conlusion in 



'een the au¬ 


thors and for the reviewer. The lollowing labels are presented as potential lu- 
ture “standard” terms tor discussing; pappus w'horls in the Astereae. Because a 


biseriate pappus is found in many genera ot the tribe, we recommend that these 
two whorls of bristles be reterred to as the “primary outer whorl” and the “pri¬ 
mary inner whorl.” The primary i nner whorl ol ten is longer and has slightly to 
strongly clavate bristle tips. The third, often much shorter,outer whorl present 
in some genera can be reterred to as the “secondary outer whorl.” These labels 
for bristle whorls are used consistently throughout this paper. The term “sec 



any additions whorls, e.g. 


es. 


ondary” with appropriate modi! iers can be a 
a secondary innermost whorl ol non-clavate long bristl 

The pappus of the genus Solidago is usually biseriate, although obscurely 
so in some species. In most species the pappus e.xhibited either alternation ol 
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sluM'icr and 


nnacr bristles, alternation ol elavate and non-elavate bristles, oi 


some degree ol basal overlapping ol outer and inner bristles ol the primar\' 
inner and outer w horls. Table I lists observations on the degree of elavateness 
ol bristle ii|Ts, presenee or absenee ol evidenee ol alternation c>l whorls o 
Ti istles. degree ol basal overlapping ol outer and inner long whorls, and spe¬ 
ed ie observ'ai ions on 75 speeies ol ,'^u//dug() and 17 speeiesol 14 related genera, 
.4peeiesol bu/tde/gu are grouped xsdthin Table I by seetion, subseetion and series 
lollc'>wing the i reatment ol the gen us b\' Semplet.Vmpleet al. Ibbd; Semple 2003; 
Semple,SLtbmitieel: C x>ok atid Semple,submitted, treat ment of Si^lhUt^o lor Flora 
North /\meriea). There is a large range in size of i he e\ pselae bodies and length 


ol the pappus bristles among speeiesol,' 


gulFigs. 4”dj. Brist lesean be mueh 


shorter than to four times longer than the fruit body, and bristle length ranged 
rom 0.25-7.5 mm. Cypsela bodies x'aried (rom tF5-5 mm in length and from 
glabrous to densely short strigose. 1 he number ol bristles per evpsela ranged 
I rom about 25 Oag. 0,5. ct/iiuc/efi.si.sj to nmre than 40 tFig. P, 5. uiu ic idutuj. On 
ax'erage, pappus bristles were slightly shorter than the dise eorollas (averaging 
about 0/l(^ as long eomparing the mature pappus to the di,se eorolla length at 
anihesis based on data in Semple and Cook, submitted). 

Some ol the papprts brist les in the majoritv'ol speeiesol .S()|((/(/g() were ob¬ 
served to be moreor lesselavate.and these were the pi'imarx' inner whorl bristles 
in ta.\a where position of the wliorls eould be determined. About 25‘)a ol the 
speeies e.xamined had, relative tool hei' species, broad elavate brist le tips on the 
primary inner whorl of brist les,e.g., S, uiiricii/t/U/(1 ag. (0,5. eua tu and S.ur^uUi. 
.Almost all speeiese.xhibited some indication ol alternating elavate brist les and 
iu>n-cla\'are bristles (Fig. (■)), and .some e.xhibited alternating between short 
bristlesanel long bristles,e.g..\ id/m'/uliu,(Fig. I 3). .Alternation ol short and long 
bristles i ndiealed a biseriate pappus e\'en il I itt le dil I ere nee \s'as ob.served in tip 
traits ol the two whorls. Variation in the pappus of each speeies was ob.served 
but was ol limited range; that is, bristles of a whorl ecutld vary from seores of 
0-1 or 3-4 lor degree ol elavateness. but not to the degree that some fruits had 
only non-elavate bristles while lUhers of the .same six’eics had onl\’ stronglx’ 

I V O y 

elaxate bristles 

Some speeies had ver\’ elear overlapjTingof the ba.sesof the primary whorls 
el bi'istles, e.g. .S', rigic/ct (Fig. It)) and 5. uc/utu (Fig. 12), w'hile others (e.g., 5. hi- 
(u/ur and .S', iilnii/olici) elearly had overlapping td some ba.ses of the pappus 
brist les while ot her bristles on t he same I ruit diti not ai^pear to be overlapping. 
Many other speeies exhibited onh- slight overlapping of the bristle bases (e.g.. 
5.g/()/ne/'ulu and ,S. mull i riul icihi ) iir random o\’erlapping ol some bristle bases 
but not inaelear primary inner whorl and pi'imary outer whorl pattern, (e.g.. ,S. 
li'iivi'n y\'i)rl h i i and siniplcx). .Some siieeies appeared tiT ha\'e no overlapping 
bases, e.g. .S. cili issinut (lag. 11). 

Some speeiesol Solichif^o hail a third, mueh reilueeck.seeondary cutter whorl 
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Figs. 4-9. Length and number variation pappus bristles in Solidago; white scale bar = 1 mm. 4-5. Solidago sphacelata, 
immature and mature cysellae, respectively. 6. Solidago auriculata, maturing cypsela with disc corolla attached, scale 
bar = 1 mm. 7-8. Solidago macrophylla, immature and mature cypselae, respectively. 9. Solidago canadensis, mature 

cypsela. 


of a lew short barbel late bristles: e.g., S. erecta and 5. hrcilii, S. rigida (Fig. 10) 
and S.scmpcrvi tens. Thiseondition wasdifficult toobserve and required search¬ 
ing at 70-100x. As noted in the Materials and Methods, detection of the pres¬ 
ence of a third whorl was difficult because the tew small bristles making up 
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Figs. 10-13. Variation in pappus bristle whorls in SoWogo (scanning electron micrographs). lO.Biseriate-triseriate pappus, 
5. rigida, scale bar = 0.43 mm; arrow indicates short outer pappus bristle. 11. Uniseriate pappus, S. altissima, scale bar = 
100 :m. 12 . Biseriate pappus with clearly overlapping inner and outer whorls of bristles, 5. odora, scale bar = 0.43 mm. 
13.Biseriate pappus with shorter outer whorl (arrow) and longer inner whorl of bristles, S.u/m/Yb//o, scale bar = 1 mm. 



I he vvhoii eoukl easily he missetl. Thus, other species of Soliihi^o rhan those 
tiotetl iti lahle 1 luay also occasional ly produce a secoiulary outer whorl. Within 
e North /\inericati C lade ol the Astereae a short outer whorl of bristles is 
< now'll in ot her species, but it is not always clear whether the short brisi les are 
the primary or t he secondary outer whorl, e.g., all species ol /)ue//i nyer/u, some 
species ol /iin c/dm/ies', almost all species ol Hriy^civn. most species ol the 

goldenaster Mtbtribe C hryso]')sidinae tSemple 19%; Nesom 2t)t)0; Semple et al. 
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2002). In Docllingeria, the short outer bristles clearly make up the secondary 
outer whorl. In other genera, the outer short bristles may be the secondary outer 
whorl or the primary outer whorl. Additional research is needed on these genera. 

Within each section and subsection variation was seen in each ol the fea¬ 
tures examined, but patterns were still present. The strongest evidence for a 
biseriate nature of the pappus ol Solidago was observed in members of S. sect. 
Corymhosae and in 5. subsect. Albigulac. Members ol subsect. /unceue, subsect. 
Mariti mac, subsect. Venosue, subsect. Tripli iicrvae nearly always were observed 
to have non-clavate to weakly clavate bristle tips. In three species in the latter 
subsection, no evidence of a biseriate pappus was detected: 5. allissima, S. 
canadensis, iind S.gigantca. These species had no observable alternation, no clav¬ 
ate qualities to the bristles and no overlapping at the bases. 


SYSTHMATICS IMPLIO.ATIONS 


The determination that 5o/idugn species gene rally have a biseriate pappus with 
a primary inner whorl of clavate bristles means the genus is not aberrant within 
the Solidagininae sensu Nesom (2000). Of the taxa examined, the most distinct 
pappus was that of Gutierrezia sarollirac which had erose scales rather than 
barbellate and sometimes clavate bristles. The results mean that pappus traits 
are not useful in separating Oligoncu ran (= 5. sect. Corymhosae here) I rom Sol¬ 
idago. 11 authors wish to do so, then the argument will need to rely on other 
differences. Within the genus Solidago, there is sullicient variation in pappus 
traits among members of subsections and scries that pappus traits can not be 
used as diagnostic leatures ol any ini rageneric group with one exception. The 
very short pappus ol S. sphaeelala is unique and is diagnostic for sen 
Braehyehaeta, if the series is treated as monotypic, as done here. Nesom (19<^3) 
defined the series by its cordate to truncate basal leaves with winged petioles, 
strongly reduced cauline leaves, 0-3 ray florets, and markedly short pappus 
bristles; he included S. sphaeelata, S.au riculala and S. hrachyphylla. The bristles 
of the latter twc) species are about 2/3 the length ol the corollas, w hileth ose o 
5. sphaeelala are about 1/4 to 1/5 the length ol the corollas. 

The most obvious conclusion to be drawn is that older descriptions ol pappus 
traits of members of the Astcrcae may not be accurate or sullicient I y detailed. 
Future descriptions should be based on very careful observations at high di¬ 
ssecting scope magnifications or lower powered compound microsco]:)e mag¬ 
nifications. Use of the labels “primary inner and outer whorls” and “secondary 
whorl(s)”should facilitate and standardize additional research on pappus whorl 
variation in the Astereae. 
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